Abstract -Alcohol abuse is associated with an increased risk of osteopenia and fractures. Previous histomorphometric studies on iliac crest bone have found decreased bone formation and increased bone resorption in alcohol abusers but it has not been established whether alcohol abuse has any effect on the anatomical location or the healing time of tibial shaft fractures. We studied, retrospectively, 199 adult male patients hospitalized for isolated tibial shaft fracture in the city of Malmd, Sweden, between 1980 and 1990. Forty-nine of the patients had earlier been registered at the Department of Alcohol Diseases and were judged to be problem drinkers. Abusers sustained their tibial shaft fractures more often by falling at ground level (P < 0.0001) or from a higher level (P = 0.009) and the fractures were more often oblique than transverse (P = 0.002) as compared with non-abusers. Healing time was impaired in abusers who had sustained a transverse fracture (P = 0.035), but no difference was observed in healing time in those with an oblique fracture. We found no difference between the abusers and the non-abusers regarding duration of hospital stay, fracture location, amount of displacement, occurrence of open fractures or the rate of complications.
INTRODUCTION
Bone disorders such as osteopenia (Saville, 1965; Bikle, 1988; Diamond et aL, 1989; Laitinen and Valimaki, 1991) , skeletal fractures (Kristenson et aL, 1980; Johnell et aL, 1985) and traumatic fractures (Honkanen et al., 1983; Alleyne et aL, 1991) are common in individuals who abuse alcohol. Bone histomorphometric studies have shown decreased bone turnover with increased number of osteoclasts and a mineralization defect (Johnell et aL, 1982; Lalor et al, 1986; Crilly et aL, 1988) . These histological findings suggest that alcohol abuse may have a toxic effect on osteoblasts, which also has been shown in studies in vitro (Chavassieux et aL, 1993) .
The effects of alcohol abuse on the healing time of various fractures have never been established. The purpose of the present study was to establish if alcohol abuse is associated with the aetiology, anatomic location and the healing time of tibial shaft fractures.
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PATIENTS AND METHODS
From 1980 to 1990, a total of 218 male patients between 18 and 60 years of age were treated at Malmd University Hospital because of isolated tibial shaft fractures. Malm6 University Hospital is the only hospital providing medical care to the city residents. Nineteen patients were excluded for the following reasons: primary amputation (n = 1), lethal complications (n = 2), incomplete or missing records or final treatment elsewhere (n = 16). Of the 199 patients analysed, 49 had been registered in the Department of Alcohol Diseases (DAD) at the same hospital. Registration in the DAD takes place if, and when, a resident reports voluntarily because of drinking problems or is brought in by the police because of severe drunkenness. The remaining 150 individuals had no indication of alcohol abuse according to hospital records (Johnell et aL, 1985) .
Tibial shaft fracture was defined as a fracture distal to the tibial tuberosity to 3 cm above the ankle joint (Edwards and Nilsson, 1965) . Causative traumatic events were registered. Oblique and transverse fractures were separated. The AO classification (Mflller et aL, 1990 ) and the classification of Edwards and Nilsson (1965) were used: fractures with a fracture angle >30° were classified as oblique fractures. The fracture location within the diaphysis was also registered. The fractures were classified as undisplaced when, on the initial radiographs, there was no displacement except for angulation <15
C . Fractures were considered as moderately displaced when the angular displacement was >15° and/or the shortening < 1 cm and the contact between the major fragments was up to one-third of the diameter of the shaft. All other fractures were classified as markedly displaced (Edwards and Nilsson, 1965) . Whether the fracture was open or not was also registered. The primary fracture treatment was recorded and so were complications and time of hospitalization.
The healing time of the fracture was registered and defined according to Edwards and Nilsson (1965) as the period of time from the accident until full clinical stability of the fracture when the patient was allowed to walk without a plaster with full weight-bearing permitted. At this time there was, in all patients, radiologically apparent callus formation.
The tibial shaft fractures sustained by the 49 alcohol abusers were compared with those sustained by the 150 individuals with no record of alcohol abuse, using the Fischer exact test, the Mann-Whitney test, and the Wilcoxon test or Spearman rank correlation test.
RESULTS
The mean ± SD (range) age of the 49 abusers was greater than the non-abusers, 44 ± 10 years (19-60) vs 37 ± 13 (18-60) (P < 0.0001). When admitted to the Emergency Room, 37 of the abusers were under the influence of alcohol. During their treatment in the outpatient clinic, 29 misused alcohol. None of the non-abusers showed any evidence of alcohol abuse during this period.
The causative fracture events are listed in Table  1 . The abusers sustained isolated tibial shaft fractures significantly more often by falling at ground level or from a higher level. On the other hand, they were less frequently involved in soccer or industrial accidents. No difference was seen in the number of multiple trauma patients and concomitant injuries. Roentgenographic and clinical data on the fractures are presented in Table 2 . The abusers sustained longitudinal fractures significantly more often than the non-abusers (P = 0.0002). The duration of the hospital stay was on an average 2 weeks and there was no difference between the two groups.
Initial treatment of the fracture is shown in Table 3 . The fractures in both groups were treated similarly. There was no difference in complication rate between the two groups (Table 4 ). There was a significant increase in death rate among the abusers during the 14-year follow-up, 14/49 as compared with 5/150 (P < 0.0001). The significantly increased death rate remained even after correction for the age difference.
The median healing time in the whole study group was 114 days (range 18-900). No difference was found between the two groups in the median healing times for oblique fractures: abusers 98 (68-900) and non-abusers 103 (18-300), but the fracture healing time among abusers who had sustained transverse tibial shaft fractures was longer, 156 (56-587) and 114 (38-847), respectively (P = 0.035).
No difference was found in healing time in the abusers who misused alcohol during their outpatient treatment compared with abusers who had no evidence of misuse during their fracture treatment. Age did not influence the healing time. No difference was seen in rate of delayed union, i.e. fractures not healed within 250 days and requiring surgery (four abusers/16 nonabusers). 
DISCUSSION
In the city of Malmo, which has a population of 230 000 inhabitants, the Department of Alcohol Diseases (DAD) has dealt with problem drinkers for >40 years. The Malmo University Hospital is the only hospital serving this population and as such offers a unique opportunity for epidemiclogical studies. In 1989 the prevalence rate of problem drinkers among males of the same age as those in the present study and from the same catchment area was 9.4% (Osterling et al, 1992) . The validity of registration at DAD is provided in earlier studies. Thus, in a study in collaboration with the Department of Forensic Medicine (Berglund et al, 1994) it has been shown that many patients with high blood alcohol levels dying in traumatic accidents and suicide are already registered at the DAD. To minimize the risk of 'unrevealed alcohol abuse' in our 'control' group we studied the registration at the DAD, and showed that none of these individuals was registered as a problem drinker according to hospital records. As in earlier studies (Israel et al, 1980; Redmond, 1980; Kristensson et al, 1980; Johnell et al, 1985; Peris et al, 1995; Nordquist and Petersson, 1996) all records at the Department of Diagnostic Radiology were validated as regards alcohol abuse and registration at the DAD. The total number of fractures, all other radiological referrals and records were registered in our study group and we found no evidence of unrevealed alcohol abuse.
In the present study we have confirmed a high prevalence (25%) of DAD registration in men with isolated tibial shaft fractures (Schnitzler and Solomon, 1984) . The high frequency of tibial shaft fractures could be due to the fact that alcohol abusers have a lower bone mass (Bikle, 1988; Diamond et al, 1989; Laitinen and Valimaki, 1991) but also because of repeated injuries associated with drunkenness (Honkanen et al, 1983; Alleyne et al, 1991) . The reason for the lower bone mass in abusers is not fully understood and is probably multifactorial. Studies in vitro have shown that alcohol has a direct toxic effect on the osteoblastic cells (Chavassieux et al, 1993) . Secondary factors associated with alcohol abuse such as liver disease, gonadal status, body weight, dietary status, overconsumption of aluminium-containing antacids and the degree of physical activity may contribute to the impaired bone quality (Schnitzler and Solomon, 1984; Bikle et al, 1985; Williams et al, 1986; Jackson et al, 1987; Diamond et al, 1989) . Foulk and Szabo (1995) found a higher incidence of non-union in humeral shaft fractures among abusers. In our study no differences were seen in the rate of union. One explanation for the lack of difference could be that abusers more frequently sustain their fractures in low-energy injuries, e.g. falling at ground level or from higher level, mainly stairs. As suspected, fractures after high energy trauma, such as industrial or traffic accidents, were less frequent. The difference in aetiology could also be one of the reasons why users have a higher rate of oblique fractures; however, in a retrospective study radiological classification of fractures is simple, whereas classification of the degree of trauma-especially in alcohol abusers-is unreliable.
The healing time in abusers with oblique fractures was normal but longer in those with transverse fractures. This was somewhat surprising since there is a tendency to extend, for reasons of safety, the time of plaster fixation in abusers. One explanation for the lack of difference in healing time in oblique fractures may be less consumption of alcohol during fracture healing. However, more than half of the abusers definitely misused alcohol during their outpatient treatment, and no difference in healing time was observed between those who continued to drink and those who abstained from alcohol.
The healing of oblique tibia shaft fractures seems to be an uneventful procedure regardless of intake of alcoholic beverages and social behaviour. Transverse fractures, on the other hand, are associated with longer healing (Edwards and Nilsson, 1965) and especially so in abusers as shown in this study. These fractures are mostly sustained after high energy events, and are, thus, often associated with other complications that indeed may interact with fracture healing. Perhaps malnutrition, hormonal and metabolic disturbances associated with alcohol abuse, further lead to an impairment of the healing process when a greater amount of soft tissue damage, as in transverse fractures, is involved.
